The shuttle plasmid pGK12, as well as several Staphylococcus aureus plasmids, was introduced into Streptococcus lactis by intergeneric protoplast fusion with Bacillus subtilis. The S. aureus plasmids were stably inherited in S. lactis, and so they may possibly be used as cloning vectors in lactic streptococci.
The lactic streptococci are widely used for dairy and other food fermentations (8) . Recent reviews emphasize the importance of gene transfer mechanisms in studying the molecular biology of these bacteria and in constructing new or improved strains via recombinant DNA technology (8, 12) . One of these mechanisms, protoplast fusion, has been used for the transfer of both plasmid and chromosomal genes between genetically marked derivatives of lactic streptococci (5, 15) and for the intergeneric transfer of a plasmid from Streptococcus lactis to Lactobacillus reuteri (4) .
In this paper, we describe the use of protoplast fusion for the intergenic transfer of plasmids between S. lactis and Bacillus subtilis. The bacterial strains and plasmids used in this study are listed in Table 1 . Streptococcal strains were maintained in our stock culture collection and were transferred biweekly at 32°C in M17-glucose (M17-glc) (17) . B. subtilis was routinely grown in LB broth (14) .
For protoplast preparation of S. lactis or B. subtilis, cells were grown in 10 Protoplasts of B. subtilis BD170 bearing pGK12 and of S. lactis LM2301 were fused as described above and plated on sucrose M17 medium (11) supplemented with chloramphenicol, erythromycin, and 500 [Jg of streptomycin per ml. Despite the high concentration of streptomycin, a background of small B. subtilis colonies appeared with normally sized S. lactis colonies. The background of B. subtilis was greatly reduced (less than 10% of regenerated S. lactis) when the protoplasts were regenerated in anaerobic atmosphere produced by Anaerocult A (E. Merck AG, Darmstadt, Federal Republic of Germany). After anaerobiosis-regenerated protoplasts were replica plated into M17-glc containing chloramphenicol, erythromycin, and streptomycin, all that appeared after 48 h at 30°C were S. lactis colonies. With these conditions, pGK12 was transferred from B. subtilis BD170 to S. lactis LM2301 at a frequency of 5 x 10-6 per colony regenerated in the absence of erythromycin and chloramphenicol (Table 2 ). The presence of unmodified pGK12 in S. lactis LM2301 was confirmed by agarose gel electrophoresis of plasmids obtained by the technique of Anderson and McKay (2) . The transfer of pGK12 from B. subtilis to S. lactis was also polyethylene glycol dependent and not sensitive to DNase (data not shown).
By using the method of protoplast fusion, we also transferred from B. subtilis to S. lactis the Staphylococcus aureus plasmids pUB110 and pE194 at frequencies of about 10-6 ( Table 2) . At a comparable frequency, we were also able to transfer from B. siubtilis to S. lactis plasmid pBD64 ( Table 2) that is a hybrid plasmid derived from pUB110 and pC194 (10) . The transfer of the S. aureus plasmids from B. slubtilis to S. lactis was also unaffected by DNase, and treatment of protoplasts with polyethylene glycol was obligatory for plasmid transfer. In all cases, the presence of the plasmids in S. lactis was confirmed by gel electrophoresis (data not shown).
The experiments described here indicate that protoplast fusion can be used to transfer plasmids between B. slubtilis and S. lactis. Using this technique, we were able to transfer from B. subtilis to S. lactis several S. aureus plasmids that have been widely used as cloning vehicles in B. subtilis ( Table 2 ). The observations reported here might allow the use of these plasmids as cloning vehicles in lactic streptococci, since vectors for use in these bacteria are limited to plasmids that have streptococcal origin of replication (7, 11, 12) . Gasson and Anderson (7) reported the successful cloning of lactic streptococci DNA in gram-positive hosts with plasmid pBD64 as a cloning vector. However, these authors were unable to introduce pBD64 into lactic streptococci by the transformation of protoplasts (7) . In this study, we showed that plasmid pBD64 can be transferred from B. subtilis to S. lactis by protoplast fusion.
